The online version of this article, along with updated information and services, is located on www.asas.org at Serials/Acq. Dept., Library on May 18, 2010. jas.fass.org Downloaded from ABSTRACT: Two growth assays and 1 N balance trial were conducted to determine the standardized ileal digestible (SID) Ile:Lys ratio in 8-to 25-kg pigs using spray-dried blood cells or corn gluten feed as a protein source. In Exp. 1, 48 individually penned pigs (initial BW = 7.7 kg) were used in a 6-point SID Ile titration study (analyzed SID Ile of 0.36, 0.43, 0.50, 0.57, 0.64, and 0.72%) by addition of graded levels of l-Ile. The basal diet contained 1.00% SID Lys, 18.4% CP, and 13.6 MJ of ME/kg. Diets were based on wheat, barley, corn, and 7.5% spray-dried blood cells as a protein source. Dietary SID Leu and Val levels were 1.61 and 1.02%, respectively. For the 35-d period, ADG, ADFI, and G:F increased linearly (P < 0.01) and quadratically (P < 0.04) with increasing SID Ile:Lys. Estimates of optimal SID Ile:Lys ratios were 59% for ADG and ADFI. In Exp. 2, 24 N balances were conducted using the Exp. 1 diets (12 pigs; individually penned; average BW = 11.5 kg). Pigs were fed 3 times daily with an amount equal to 1.0 MJ of ME/kg of BW 0.75 . Preparation and collection periods (7 d each) were repeated after rearranging the animals to treatments. Increasing the dietary SID Ile:Lys ratio increased N retention linearly (P < 0.01), and N utilization linearly (P < 0.01) and quadratically (P < 0.01). An optimal SID Ile:Lys ratio of 54% was estimated for N retention. In Exp. 3, 48 individually penned pigs (initial BW = 8.0 kg) were fed grain-based diets in a 6-point SID Ile titration (analyzed SID Ile of 0.35, 0.41, 0.49, 0.56, 0.62, and 0.69%). Dietary SID Ile was increased by graded addition of l-Ile. The basal diet contained 0.97% SID Lys, 16.8% CP, and 13.6 MJ of ME/kg. In contrast to Exp. 1 and 2, spray-dried blood cells were excluded and corn gluten feed was used as a protein source. Dietary SID Leu and Val were set to 1.05 and 0.66%. For the 42-d period, ADG, ADFI, and G:F increased linearly (P < 0.01) and quadratically (P < 0.01) with increasing SID Ile:Lys. Estimated optimal SID Ile:Lys ratios were 54, 54, and 49 for ADG, ADFI, and G:F, respectively. These experiments suggest that the optimal SID Ile:Lys ratio depends on diet composition. In Exp. 1, AA imbalances because of increased Leu contents may have led to increased Ile nutritional needs. For ADG and ADFI, an optimum SID Ile:Lys ratio of 54% was estimated for 8-to 25-kg pigs in diets without Leu excess.
INTRODUCTION
Isoleucine is among the limiting AA in high-lean pigs fed reduced-protein diets. For 10-to 20-kg pigs His, Ile, Trp, and Val have been shown to be equally limiting after Lys and Thr in sorghum-soybean meal-based diets (12% CP; Brudevold and Southern, 1994) . In cornsoybean meal-based diets (11% CP) fortified with Lys, Trp, Thr, and Met fed to growing pigs, Val was fifthlimiting, and either His or Ile sixth-limiting (Figueroa et al., 2003) . Some work on the Ile requirement of pigs has recently been published (Parr et al., 2003; Kerr et al., 2004a; Dean et al., 2005) , but most experimental data for the determination of Ile requirements of 10-to 25-kg pigs are dated (Oestemer et al., 1973b; et al., 1976) , and those expressed as the ratio of standardized ileal digestible (SID) Ile:Lys are sparse. It is difficult to use older studies because of missing values for ME and for the digestibility of AA, possible deficiencies in other AA, and the use of CP levels different from current practice. Conversely, most of the recent Ile requirement trials were conducted using blood products as a protein source. Spray-dried blood cells (SDBC) have often been used in diets for weaned pigs because of their unique AA pattern and increased digestibility and CP content (NRC, 1998) . The use of SDBC enables the formulation of diets comparable with those used in practice but increases the dietary levels of Leu and Val. A Leu excess is known to increase the nutritional need for Ile and Val because it stimulates the catabolism of these AA . Hence, estimates obtained in experiments using blood products as a protein source might overestimate the Ile requirements of pigs fed diets free of these components. The present work was conducted to determine the ideal SID Ile:Lys ratio in 8-to 25-kg pigs and to investigate the impact of SDBC and corn gluten feed (CGF) on the determination of the Ile requirement.
MATERIALS AND METHODS
Animal housing and care were conducted under supervision of the veterinary office of the Bavarian government. The handling protocol ensured proper care and treatment of all animals in conformity with the German law for animal protection.
General
To estimate the ideal SID Ile:Lys ratio of 8-to 25-kg pigs, 2 growth trials and 1 N balance trial were conducted using SDBC or CGF as a protein source. The trials were conducted with German Landrace × Piètrain crossbred pigs weaned at 28 d of age and raised at the same commercial farm. The sex ratio within each trial was balanced. Animals were individually housed in pens (60 × 100 cm; plastic slats) in an environmentally controlled building. Feed and drinking water were provided ad libitum, unless otherwise noted. Relative humidity was 50 to 60%, and the initial room temperature of 29°C was incrementally reduced to 25°C by the end of the trials. Artificial light was provided from 0700 to 1700 h, followed by half-light.
Diet composition was optimized on the basis of SID AA. These were calculated using the analyzed AA contents of feed ingredients and estimates of SID in feed ingredients (Sauvant et al., 2004) . A basal SID Ile content of 0.35% and 5 l-Ile increments of 0.075% were used. Because the ratio of SID Ile:Lys was to be estimated it was necessary to also limit Lys. Accordingly, the SID Lys level was set at 1.00% (GfE, 2008) . If necessary, crystalline l-AA were supplemented to meet the conditions for an ideal protein (Chung and Baker, 1992) . Diets were fortified with minerals and vitamins to meet or exceed the recommended levels for 10-to 20-kg pigs (NRC, 1998) .
For calculation of the response variables ADG, ADFI, and G:F, individual pig BW and feed disappearance (as-fed basis) were recorded weekly, unless otherwise stated. Additionally, blood samples were taken at the termination of the growth trials for analysis of plasma free AA and plasma urea. Nitrogen digestibility, utilization, and retention were used in addition to the abovementioned growth variables as response variables for the N-balance trial.
Exp. 1
A study using 48 pigs with an initial BW of 7.7 ± 0.7 kg was carried out during an experimental period of 35 d. Pigs were allotted to 1 of 6 dietary treatments (Table  1) . Diet composition was mainly based on wheat, barley, and corn, with SDBC used as the protein source. The unique AA pattern of SDBC guaranteed low dietary levels of Ile, but caused some oversupply of Leu (1.61% SID Leu) and Val (1.02% SID Val). Diets were supplemented with l-Ile whereas maintaining almost constant levels of Lys (average SID Lys 1.01%). The SID Ile contents for each dietary treatment were 0.36, 0.43, 0.50, 0.57, 0.64, and 0.72%. The analyzed CP content increased from 18.4 to 18.9%. The energy content of diets maintained constant among treatments and was calculated to be 13.6 MJ of ME/kg.
Exp. 2
A total of 24 N balances (2 N balances per pig, 4 balances per treatment) were conducted with 12 pigs using the diets of Exp. 1 (Table 1) . After an initial acclimation period (7 d) to new surroundings, preparation and collection periods (7 d each) followed. Allocation of pigs to treatments was then rearranged, and a second round of preparation and collection periods (7 d each) was conducted. Animals were restrictively fed 3 times daily. Daily energy supply was calculated with 1.0 MJ of ME/ kg of BW 0.75 . For calculation of daily energy supply, pigs were weighed at the beginning of each preparation period and BW gains of 250 and 400 g/d were assumed for the first and the second balances, respectively. Feed was mixed with water (1:1) to enhance intake and minimize feed losses. Drinking water was provided for free intake for 30 min after feeding.
During the collection period, feces and urine of individual pigs were collected twice daily. Whole feces and urine (acidified to pH ~3) were stored at 4°C until the end of the collection period and were consolidated into animal individual samples. Feces were freeze-dried and stored for further analysis.
Exp. 3
One growth assay using 48 pigs (initial BW of 8.0 ± 0.8 kg) was conducted during an experimental period Isoleucine requirement of weaned pigs of 42 d. Pigs were allotted to 1 of 6 dietary treatments. To avoid Leu and Val excesses, diet composition was mainly based on wheat, corn, and barley as in Exp. 1 and 2, but protein was provided by CGF and whey powder instead of SDBC ( Table 2 ). The basal Ile content, increments of l-Ile supplementation, and Lys levels were calculated to be the same as in Exp. 1 and 2. Dietary SID Ile levels were analyzed at 0.35, 0.41, 0.49, 0.56, 0.62 and 0.69%, with an average SID Lys level of 0.95%. Diets were calculated to be isonitrogenous and isoenergetic (16.7% CP; 13.6 MJ of ME/kg).
Analyses
Nitrogen analyses of ingredients, mixed diets, urine, and feces were performed using the Kjeldahl procedure (AOAC, 2000) , and CP was calculated (N × 6.25). Analysis of total dietary AA was done by Ajinomoto Eurolysine S.A.S. (Amiens, France) after Commission Directive 98/64/EC (1998); Trp analysis followed AFNOR (1998). After acid hydrolysis with HCl (6 N, reflux for 23 h at 110°C) AA were analyzed by ionexchange chromatography. To avoid degradation dur- Provided the following per kilogram of diet: vitamin A, 9,000 IU; vitamin D 3 , 900 IU; vitamin E (dl-α-tocopherylacetate), 30 mg; menadione, 1.88 mg; thiamin, 1.13 mg; riboflavin, 3 mg; pyridoxine, 1.88 mg; vitamin B 12 , 15 μg; niacin, 13 mg; pantothenic acid, 9.4 mg; biotin, 150 μg; folic acid, 1.5 mg; choline (as choline chloride), 135 mg; Ca, 3.3 g; P, 0.9 g; Na, 0.75 g; Mg, 0.3 g; Zn (zinc oxide), 52.5 mg; Fe (ferrous sulfate monohydrate), 75 mg; I (calcium iodate), 0.9 mg; Se (sodium selenite pentahydrate), 0.20 mg; Cu (copper sulfate pentahydrate), 7.5 mg; Mn (mangane oxide), 30 mg. ing hydrolysis, Met and Cys were determined by ion exchange chromatography after performic acid oxidation. Reverse-phase HPLC was used to determine Trp after alkaline hydrolysis with barium hydroxide (16 h, 120°C).
At the termination of the growth trials and after a fasting period of 2.5 h, all pigs were bled once via jugular vein puncture using heparinized tubes (6 to 9 mL, S-Monovetten, Sarstedt, Nümbrecht, Germany) for analysis of plasma free AA and urea. Samples were carefully shaken and stored on ice. Plasma was obtained by centrifugation at 800 × g for 20 min at 20°C and stored at −80°C until analysis. For analysis of plasma free AA, plasma proteins were removed by precipitation with salicylsulfonic acid and centrifugation at 11,000 × g for 10 min. The protein-free supernatant was analyzed by ion exchange chromatography using an automatic AA analyzer (LC 3000, Biotronik, Hamburg, Germany), af- Provided the following per kilogram of diet: vitamin A, 5,000 IU; vitamin D 3 , 500 IU; vitamin E, 30 mg; menadione, 0.15 mg; thiamin, 3 mg; riboflavin, 3 mg; pyridoxine, 3 mg; vitamin B 12 , 18 μg; niacin, 25 mg; pantothenic acid, 15 mg; biotin, 50 μg; folic acid, 300 μg; choline (as choline chloride), 1,000 mg; Zn (zinc sulfate heptahydrate), 69.9 mg; I (potassium iodate), 0.13 mg; Se (sodium selenite pentahydrate), 0.14 mg.
ter dilution with lithium acetate solution. Plasma urea was automatically co-analyzed in the chromatograms for the determination of free AA in plasma.
Statistics
Pigs were allotted to treatments on the basis of BW. Sex and ancestry were equalized among treatments in a randomized block design. The experimental unit was the individual pig. Data for each response criterion were analyzed by ANOVA using the MIXED procedure (SAS Inst. Inc., Cary, NC). The model included the effects of dietary treatment and sex, and for the N balance trial, the balance number. Litter was included as random effect and initial BW was used as a covariate. Contrasts were conducted to determine the linear and quadratic effects of increasing dietary SID Ile:Lys (Lowry, 1992) . The IML procedure of SAS was used to generate orthogonal polynomial coefficients, and the MIXED procedure was used to compute orthogonal polynomial contrast sums of squares. Estimates of requirement were done by subjecting the group least squares means data to least squares broken-line methodology (Robbins et al., 2006) .
Further, the bioefficiency of the l-Ile supply was of interest. Thus, a slope-ratio assay was calculated for ADG of Exp. 1 and 3. A linear model was used (GLM procedure; Littell et al., 1997) . Thus, treatments 5 and 6 in Exp. 1 and treatments 4 to 6 in Exp. 3 were excluded. To enable comparison across trials, alterations in ADG were expressed as percentage of improvement in performance within an experiment as a function of dietary l-Ile supplementation (basal group = 100). Approximate 95% fiducial limits were calculated (Littell et al., 1997) .
RESULTS

Exp. 1
Overall ADG, ADFI, and G:F increased linearly (P < 0.01) and quadratically (P < 0.04) as the ratio of SID Ile:Lys increased from 36 to 71% (Table 3) . Broken-line analysis estimated optimum SID Ile:Lys ratios of 59, 59, and 45% for overall ADFI, ADG, and G:F, respectively (Table 4; Figure 1 ).
Plasma concentrations of free AA are shown in Table  5 . Increasing the SID Ile:Lys ratio increased plasma concentrations of Ile linearly (P < 0.01) and quadratically (P < 0.01), but decreased plasma concentrations of Lys, Trp, Tyr, and urea linearly (P < 0.03) and quadratically (P < 0.03). In addition, plasma concentrations of Leu, Asp, Gln, Glu, Gly, and Ser decreased linearly (P < 0.04) and plasma concentrations of Cys increased linearly (P < 0.01). Plasma Ile concentrations increased linearly as dietary SID Ile:Lys ratios of 46% were exceeded (Figure 2 ).
Exp. 2
Overall ADG and ADFI increased linearly (P < 0.03), and G:F increased linearly (P < 0.01) and quadratically (P < 0.04) as the ratio of SID Ile:Lys increased from 36 to 71% (Table 6 ). Nitrogen digestibility was not affected by increasing dietary SID Ile:Lys, but N retention increased linearly (P < 0.01) and N utiliza- Orthogonal polynomial contrast coefficients were used to determine linear and quadratic effects of increasing ratios of dietary standardized ileal digestible Ile:Lys.
tion increased linearly (P < 0.01) and quadratically (P < 0.01). An optimal SID Ile:Lys ratio of 54% was estimated for N retention (Table 4 ).
Exp. 3
Overall ADG, ADFI, and G:F increased linearly (P < 0.01) and quadratically (P < 0.01) as SID Ile:Lys increased from 36 to 72% (Table 7) . Broken-line analysis calculated for ADG, ADFI, and G:F estimated optimal SID Ile:Lys ratios of 54, 54, and 49%, respectively (Table 4; Figure 1 ).
Plasma Ile concentrations increased linearly (P < 0.01) and quadratically (P < 0.01) and concentrations of His, Thr, Gly, Ser, Tyr, and urea decreased linearly (P < 0.01) and quadratically (P < 0.05) as SID Ile:Lys increased (Table 8) . A linear decrease (P < 0.01) was seen in plasma concentrations of Lys and Val, whereas concentrations of Met, Ala, Asp, Cys, Gln, and Glu increased linearly (P < 0.02). Plasma Ile concentrations increased linearly as dietary SID Ile:Lys ratios of 51% were exceeded (Table 4 ). For calculation of the bioefficiency of the l-Ile supply in Exp. 1 and 3, a slope-ratio assay was performed for ADG (Figure 3) . A slope-ratio (Exp. 1/Exp. 3) of 0.775 confirmed significantly less bioefficiency of l-Ile in diets using SDBC as a protein source compared with diets containing CGF. Approximate 95% fiducial limits were calculated as 0.578 and 0.972.
DISCUSSION
The aim of the present work was to determine the ideal SID Ile:Lys ratio of 8-to 25-kg weaned pigs. It was therefore necessary to generate basal diets that were first limiting in Ile and second limiting in Lys. Hence, the composition of experimental diets was optimized on the basis of SID AA expressed as a ratio to SID Lys according to the concept of an ideal protein (Chung and Baker, 1992) . To limit Lys, a dietary SID Lys concentration of 1.00% was planned. Calculation for the mixed diets with analyzed Lys contents revealed an average SID Lys content of 1.01% for Exp. 1 and 2, and 0.95% for Exp. 3. Based on the performance level realized in the present work, the formulated dietary energy level, and genetic line used, the SID Lys require- ment is 1.18% according to German standards (GfE, 2008) , which is about 20% greater in comparison with the Lys supply of the present work. Using the same genetics as in the present work, it was reported that total Lys:ME ratios of at least 0.9 g per MJ are needed for 8-to 30-kg pigs (Roth et al., 1994 (Roth et al., , 1999 . In the present work, total Lys:ME ratios of 0.79 and 0.76 g per MJ were used in Exp. 1 and 2, and in Exp. 3, respectively. Recent work by Kendall et al. (2008) has shown that 1.05% SID Lys is deficient for weaned pigs. In 5 experiments conducted under commercial conditions using corn-soybean mealbased diets, these authors estimated a Lys requirement of 1.30% SID Lys for 11-to 27-kg pigs (Triumph 4 × PIC C22). This estimate was confirmed by Yi et al. (2006) for the same genetics and BW range and conducted using comparable conditions. In experiments for the determination of Ile requirement, diets containing up to 1.10% SID Lys and up to 1.26% apparent digestible Lys were proven to be secondarily limiting in Lys for weaned pigs (Triumph 4 × PIC C 22) and for early weaned pigs (PIC C 22 × 327), respectively (James et al., 2001; Fu et al., 2006c) . From these data we assumed that the SID Lys supply in the present experiments was secondarily limiting and thus the obtained SID Ile:Lys ratios are meaningful.
To generate a strong response to the increasing Ile supplementation, a basal SID Ile content of 0.35% was chosen. In Exp. 1, this low basal Ile content was achieved by the inclusion of 7.5% SDBC. The nutritional value of SDBC is characterized by high levels Table 5 . Effects of increasing ratio of standardized ileal digestible (SID) Ile:Lys by crystalline l-Ile supplementation on plasma free-AA and urea of weaned pigs fed diets containing spray-dried blood cells (Exp. of CP (92%) and excellent AA bioavailability. For example, Lys bioavailabilities of SDBC and crystalline Lys have been shown to be similar (DeRouchey et al., 2002) . Therefore, SDBC can be used in place of fish meal as a protein source in phase 1 to 3 nursery diets (Hinson et al., 2007) . Inclusion of 2.5% SDBC in diets for nursery pigs has been shown to increase ADG (DeRouchey et al., 2002) . However, SDBC caused depression of performance at inclusion levels of 4 to 5% in diets for nursery pigs (Kerr et al., 2004b; Hinson et al., 2007) . Attention must be paid to the Ile content of diets when using SDBC. The Ile content of SDBC is extremely low (0.49%), but SDBC are rich in Leu (12.70%), Lys (8.51%), Val (8.50%), and His (6.99%; NRC, 1998). If
Ile is supplemented, inclusion concentrations of up to 7.5% SDBC in diets for 8-to 25-kg pigs are possible without negative effects (Kerr et al., 2004b) . This level has been used in experiments to determine Ile requirements (DeRouchey et al., 2002; Parr et al., 2003; Kerr et al., 2004a) . Therefore, the level of SDBC was limited to 7.5% in the present work. The inclusion of SDBC enabled a diet composition comparable with those used in practice, but still deficient in Ile.
The use of 7.5% SDBC in Exp. 1 and 2 resulted in some oversupply of His, Leu, and Val. The average SID His, Leu and Val ratios to Lys were 75, 161, and 102%, respectively, whereas according to the ideal protein of Chung and Baker (1992) , ratios of 32, 100, and 68% are Table 6 . Effects of increasing ratio of standardized ileal digestible (SID) Ile:Lys by crystalline l-Ile supplementation on performance, N-balance, and plasma urea of weaned pigs fed diets containing spray-dried blood cells (Exp. Orthogonal polynomial contrast coefficients were used to determine linear and quadratic effects of increasing ratios of dietary SID Ile:Lys. Table 7 . Effects of increasing ratio of standardized ileal digestible (SID) Ile:Lys by crystalline l-Ile supplementation on performance of weaned pigs fed diets free of spray-dried blood cells (Exp. 3) sufficient to meet the His, Leu, and Val requirements of 10-kg pigs. In this context, special attention should be paid to the Leu oversupply because of the recognized antagonistic effects of Leu excess causing decreased performance, decreased plasma concentrations of Ile and Val, and increased BCAA catabolism . To investigate whether the moderate oversupply of Leu in Exp. 1 and 2 increased the estimates for an optimal SID Ile:Lys ratio, a second basal diet was formulated without Leu or Val excesses (Exp. 3).
In the present work, optimal SID Ile:Lys ratios of 59% were estimated for ADG and ADFI in diets using SDBC as a protein source (Exp. 1). In contrast, optimal ratios of 54% were estimated in diets containing CGF (Exp. 3). A slope-ratio assay for ADG as a function of supplemental l-Ile confirmed that the slope in Exp. 1 was significantly decreased in comparison with Exp. 3. Slope-ratio (Exp. 1/Exp. 3) was estimated at 0.775. These greater estimates in diets containing SDBC are confirmed by the literature. At the same inclusion level of 7.5% SDBC, an optimal ratio of apparent digestible Ile:Lys of 58 to 62% was estimated in 7-to 11-kg pigs (Kerr et al., 2004a) , and a SID Ile:Lys ratio of 62% was sufficient in diets for 5-to 9-kg pigs (6% SDBC; Hinson et al., 2007) . These values are similar to the estimates of 59% SID Ile:Lys determined in SDBC diets (Exp. 1).
Using greater levels of SDBC increased the optimal Ile:Lys ratio. In 12-to 22-kg pigs fed corn-SDBC-based diets containing 10.75% SDBC, a SID Ile:Lys ratio of at least 70% has been estimated for ADG (Fu et al., 2006c) . The greater nutritional need for Ile in SDBC diets has also been demonstrated in late-finishing pigs. Using corn-SDBC diets (5% SDBC) increased the nutritional need for Ile from 0.24 to 0.34% in compari- son with corn-soybean meal-based diets (Dean et al., 2005) . In SDBC-free diets, Bergstrom et al. (1997) reported that the apparent digestible Ile requirement is not greater than 50% of Lys for 10-to 20-kg pigs fed corn-soybean meal diets. This is in accordance with the findings of Fu et al. (2006c) showing that in 12-to 22-kg pigs fed corn-soybean meal-based diets, increasing the SID Ile:Lys ratio from 46 to 74% had no effect. The SID Ile:Lys ratio given by the NRC (1998) is 55% and is almost the same as the estimates for the CGF diets obtained in the present work (54%; Exp. 3).
The optimal SID Ile:Lys ratios estimated for G:F were 45 and 49% in SDBC diets (Exp. 1) and in CGF diets (Exp. 3), respectively. The plateau estimated by broken-line analysis was at the same level in both trials. In contrast to the ratios estimated for ADG and ADFI, the ratio for optimal G:F was less in SDBC diets (Exp. 1) than in CGF diets (Exp. 3). In Exp. 1, G:F was maximized at lesser ratios than for ADFI and ADG. Lesser estimates for G:F than for ADG and ADFI are also reported in the literature (Oestemer et al., 1973b; Kerr et al., 2004a; Fu et al., 2006c) but not in all trials (Kerr et al., 2004a) . Especially in trials with ad libitum access to feed, lesser estimates of AA requirements for G:F than for ADFI and ADG may occur. In these trials the supplemented AA exhibits positive effects on feed intake, as is the case for Trp (Eder et al., 2001 ). In contrast, deficiencies and imbalances of EAA are known to decrease voluntary feed intake. The detection of EAA depletion occurs in the anterior piriform cortex of the brain via uncharged tRNA (Gietzen et al., 2007) and leads to diet rejection. Therefore, marginal EAA deficiencies primarily affect feed intake, and a reduction of G:F only occurs at severe EAA deficiencies.
In the present work, plasma free AA were analyzed to obtain further information about the nutritional status of the pigs. Plasma AA concentrations are dependent on the dietary AA pattern and ADFI. Thus, comparisons among trials should be evaluated cautiously. The ADFI of Exp. 1 and 3 was similar and ranged from 298 to 636 g in Exp. 1 and from 334 to 644 g in Exp. 3. However, the plasma concentrations of Leu and Val were quite different and reflected the dietary supply. Compared with Exp. 3, the dietary Leu and Val supplies in Exp. 1 were increased by 54 and 55%, respectively, and the plasma concentrations of Leu and Val were increased by 60 and 100%, respectively. The dietary supply of Ile was the same in Exp. 1 and 3, and thus the basal plasma concentrations of Ile were also the same in both trials. However, plasma Ile concentrations in the treatment groups were increased to a different extent by the same dietary Ile supplementation. At the greatest Ile supplementation, the plasma Ile concentrations in Exp. 3 were 3-fold greater than those of Exp. 1. In conclusion, inclusion of SDBC in diet composition caused AA imbalances as dietary levels of Leu, Val, and His increased. An increased dietary supply of Ile was needed to reach the same plasma Ile concentrations as in CGF diets. These findings are in accordance with the literature. Increased dietary supply of Leu has been shown to decrease plasma concentrations of Ile and Val (Oestemer et al., 1973a; Henry et al., 1976; Taylor et al., 1984) .
Plasma AA can be used to underline the estimates determined using performance data. Isoleucine requirement trials with pigs have shown the same basal concentrations of plasma Ile (17 to 38 μmol/L) as in the present work, and a linear increase in plasma Ile concentrations when dietary Ile supply exceeded requirements (Bravo et al., 1970; Oestemer et al., 1973b) . Plasma urea concentrations are another indicator for the adequacy of the AA supply. In the present work, plasma urea concentrations decreased in Exp. 1 and 3 with increasing dietary l-Ile supply and underline the improved utilization of dietary AA. However, plasma urea data were not appropriate to estimate ideal Ile:Lys ratios, which is similar to the findings of Dean et al. (2005) .
The effect of SDBC to increase the nutritional need for Ile is caused by an AA imbalance, mainly by increased Leu content. Supplementing corn-soybean meal diets with l-Val and l-Leu to the levels of a corn-SDBC diet decreased the performance of the pigs and resulted in similar performance compared with pigs fed corn-SDBC diets (Fu et al., 2006a) . However, performance could be restored by dietary supplementation with lIle (Fu et al., 2006b) . Most likely, the increased need for Ile in SDBC-diets is caused by increased Ile catabolism induced by excessive levels of Leu. The EAA Ile, Leu, and Val have similar chemical forms and are grouped as branched-chain AA (BCAA). Because of their structural similarity, they share the first 2 steps of their catabolism and compete for the same enzymes. The BCAA are first transaminated, and the resulting branched-chain α-keto acids are then oxidatively decarboxylated by a multienzyme complex, the branchedchain α-keto acid dehydrogenase complex (BCKDH). The second step is irreversible and rate limiting. Especially increased concentrations of the corresponding α-keto acid of Leu can increase the catabolism of the BCAA by stimulation of BCKDH activity. Dietary Leu excesses have been shown to cause a depression of plasma concentrations of Val, Ile, and their branched-chain α-keto acids by increasing BCKDH activity in rats and pigs Langer et al., 2000) .
In conclusion, high dietary Leu levels increase the nutritional need for Ile. In the present work it has been shown that the use of SDBC leads to greater estimates than shown for SDBC-free diets. For optimal ADG and ADFI of 8-to 25-kg pigs optimal SID Ile:Lys ratios of 59% were estimated for the diets containing 7.5% SDBC. In contrast, optimal ratios of 54% were estimated in CGF diets. These results clearly demonstrate that estimates for the Ile requirements of pigs determined in trials using SDBC as a protein source are not applicable to SDBC-free diets and vice versa.
